Background: Previous studies found that low total cholesterol level was associated with a lower risk of high-grade prostate cancer. Apolipoprotein E (ApoE) isoform is associated with total cholesterol level. The aim of this study was to explore associations of ApoE isoforms with prostate cancer risk.
Introduction
The Apolipoprotein E (ApoE) gene is polymorphic with three major isoforms (e2, e3, and e4), forming six inherited combinations (e3e3, e4e4, e2e2, e3e4, e2e3, and e3e4) that are known to affect protein structure and function (1) . The E4 allele has been associated with a higher serum level of total cholesterol (1) . Given that cholesterol level has been related with risk of high-grade prostate cancer (2) , variations in ApoE could explain some of this association. A few studies have investigated this association, but the conclusions are inconsistent, because the sample sizes were relatively small and they were unable to assess high-grade or lethal disease, and did not include information about circulating cholesterol or use of cholesterol lowering drugs (3) (4) (5) (6) . In the current study, we investigated whether ApoE isoforms are associated with total and aggressive prostate cancer incidence and, further, assessed modification by circulating cholesterol or cholesterollowering drugs.
Materials and Methods

Study population
This case-control study was nested within the Health Professionals Follow-up Study (HPFS; ref.
2), a prospective cohort study that enrolled 51,529 men ages 40 to 75 in 1986. Among 18,018 men who provided a blood sample in 1993-95, we identified 1,169 incident prostate cancer cases and 1,233 controls through 2004. This investigation was approved by the Institutional Review Board at the Harvard School of Public Health.
Apolipoprotein E genotyping
DNA extraction and genotyping have been previously reported (7). The ApoE isoform was determined using two SNPs (rs429358 and rs7412). Participants were divided into three groups according these genotypes: e3e3 (ApoE E3E3), e2e2/e2e3 (ApoE E2 carrier), and e4e4/e3e4 (ApoE E4 carrier). The e2e4 isoform was excluded due to small numbers. The frequency of these groups in controls was ApoE E3E3: 62%, E2 carriers: 14%, and E4 carriers: 24%. As expected, E4 carriers had the highest mean circulating cholesterol (201.8 mg/dL), followed by E3E3 (200.6 mg/dL) and E2 (192.3 mg/dL; refs. 1, 4).
Statistical analysis
Unconditional logistic regression was used to estimate odds ratios (OR) and 95% confidence intervals (CI) for associations of overall prostate cancer, Gleason sum 7 (3þ4), Gleason sum 7 (4þ3), clinically localized disease, and lethal disease. To assess effect modification by circulating total cholesterol concentration (dichotomized at the median), and use of cholesterol-lowering drugs prior to diagnosis (ever vs. never), we conducted stratified analyses. All analyses were conducted using SAS 9.3 (SAS Institute). Power calculations were done using Power and Sample Size Software (NCSS).Tests for significance were two-sided with a P value of <0.05 considered statistically significant.
Results
The average age at diagnosis was 69.6 years; 86% had clinically localized prostate cancer, 17% had Gleason sum 7 (4þ3) disease, and 9% had lethal disease (Supplementary Table 1 ). There were no statistically significant associations between ApoE genotype and risk of overall, Gleason sum 7 (3þ4), Gleason sum 7 (4þ3), clinically localized, and lethal prostate cancer (Table 1 ). Circulating cholesterol concentration or cholesterollowering drugs (Table 2) did not modify the association between ApoE isoforms and prostate cancer risk (all P interaction > 0.07).
Discussion
The current study was the largest study to examine the association between ApoE and risk of prostate cancer. This Our study had several strengths, including long follow-up time, detailed clinical information on the tumors, and the ability to assess whether the association was modified by total cholesterol level or use of cholesterol-lowering drugs. Limitations of the study were the inability to assess the ApoE e2e4 isoform, which has been found in aggressive cell lines (8) , and the limited sample size to assess lethal disease.
In conclusion, this prospective study does not support the hypothesis that genetic variation in ApoE is appreciably associated with prostate cancer incidence or aggressiveness.
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